Abstract Human toxocariasis is a zoonotic parasitic disease that represents extensive morbidity in many countries. Caused by Toxocara canis and Toxocara cati, the clinical spectrum of this helminthiasis can be extended from asymptomatic forms up to life-threatening syndromes, such as the visceral larva migrans. Its epidemiology and burden is not clear; many times it is not diagnosed and, in most countries, it is not a notifiable disease. Some recent reviews have shown a large range of variability in terms of reported seroprevalence by countries. In this review, we summarized information regarding human toxocariasis burden of disease and control efforts in the region of the Americas.
Introduction
Toxocariasis is known as a worldwide distributed zoonosis, caused by the infection in humans of Toxocara canis and Toxocara cati, two ascarid parasites which are found in their adult forms in the small intestines of dogs and cats [1•, 2] . Although most studies have focused their attention on the infection due to T. canis, human infection acquired from cats is also frequent in many settings. As a result, toxocariasis, which could be considered a neglected parasitic infection, is even more understudied in the case of the cat ascarid infection in humans. The infection occurs in humans by the accidental ingestion of larval eggs that stay in the intestine where they can cause little and self-limiting inflammatory reactions, severe systemic infections, or even death [1•, 2, 3] .
Once a human becomes infected, this tends to become a chronic process with a wide spectrum of clinical manifestations, ranging from asymptomatic courses, to the characteristic forms of clinical presentations such as: visceral larva migrans syndrome (VLM) and ocular larva migrans syndrome (OLM) [1•, 4] . VLM may affect several organs such as the liver, manifesting as hepatitis or hepatomegalia; the lungs, in which cough or asthmatic crises can occur; and the heart, where it may produce myocarditis or congestive heart failure.
Other organs, such as the skin, central nervous system, and kidneys, may also become affected. Such presentation is associated with relevant number of Toxocara larvae and is usually seen in children less than 5 years [1•, 4] . OLM occurs usually in people over 5 years. Evidence suggests that this form of human toxocariasis tends to occur in the absence of systemic and visceral involvement. The principal manifestation that the larva migrans causes when invading the eye is retinal damage [1•,5] .
Toxocariasis has a worldwide distribution, being considered endemic in most of America, Africa and Asia [5•] . This zoonosis is well related to the human pattern to live near to dogs and cats, and the inadequate management of the animals feces [1•] . The seroprevalence in Latin America ranges from 1.8 up to 66.6 % (Fig. 1) . It is estimated that the prevalence rates of Toxocara canis in dogs can vary between 0 and 99.4 % [1•, 4] . Infection rate is usually higher in younger animals. In general, the seroprevalence rates vary from country to country. According to some reports, these could be: 27 % in Bolivia, 8.7 % to 38.8 % in Brazil, 2.2 % in Chile, 47.5 % in Colombia, 5.2 % in Cuba, 6.5 % in Puerto Rico, 34.9 % to 66.6 % in Venezuela, 27.2 % to 62.3 % in Trinidad, 7.33 % to 32.4 % in Peru, 30 % in Ecuador and 10.6 % to 36.9 % in Argentina [2, 5•] .
The transmission of larval eggs is always orally and there are two ways of acquiring the infection: direct oral transmission, which occurs in people with geophagy (the habit of eating dirt), commonly seen in psychiatric or pediatric patients, and the indirect oral transmission that occurs by consuming contaminated food with the juvenile larval forms [4, 6] .
Like many other parasitic diseases, toxocariasis is much more common in developing countries, especially in rural areas, where the estimated seroprevalence is 37 %, compared with urban areas for which it is about 2 -14 % [1•, 7, 8] . However, accurate statistics in Latin America are poorly known because it is not a disease under epidemiological surveillance. So, in this review, we summarize the information regard the epidemiological burden of this zoonotic disease in the Americas and discuss its impact on regional public health.
Toxocariasis in the United States
In the United States (US), a decrease in the mortality rate resulting from infectious diseases has occurred over time, even more from tropical and parasitic diseases. However, among the poorest people living in the US, there is a group of serious parasitic and bacterial disease including toxocariasis, cysticercosis and Chagas disease. Toxocariasis is a disease belonging to the group known as the "neglected infections of poverty", because it is a disease that has been forgotten by the US public health community and it promotes poverty through its impact on child health and development [9, 10] .
Toxocariasis is a very common human parasitic worm infection in the US;, it is closely related to poverty status in the US, which is higher in non-metropolitan areas, especially in the south and among non-Hispanic blacks and Native Americans, as has been reported previously [9] . Children are particularly prone to infection because they are exposed to the eggs in sandboxes and playgrounds contaminated with dog and cat feces [11•] . The prevalence rate of toxocariasis, which is based on serologic studies that measure antibodies to T. canis antigens, among inner city blacks living in Connecticut cities was found to be 10 % and even higher among inner city Hispanics [12] . The prevalence among socioeconomically disadvantaged blacks in the American South was as high as 30 % between 1971 and 1973 [13] ; however, it was recently estimated that approximately 21 % of blacks are seropositive [14] . So, based on the estimate that 13.3 million impoverished blacks live in America [15] , with prevalence estimates between 10 % and 21 %, as many as 1.3 million to 2.8 million individuals may be exposed or infected, making this disease one of the most common infections among any underrepresented minority group [9] .
An overall prevalence of 13.9 % positive for antibodies to Toxocara was determined by the Third National Health and Nutrition Examination Survey (NHANES III) in 2008; suggesting that tens of millions of Americans are infected with Toxocara [11•] . This prevalence is almost two to three times the prevalence reported more than 20 years ago by the NHANES I [16] .
Toxocariasis had been linked to childhood asthma as it may manifest with wheezing, pulmonary infiltrates and eosinophilia, features that are also the hallmark of childhood asthma. Similarly, some of the central nervous system features of toxocariasis have been implicated as a cause of occult seizures, mental retardation, and developmental delays [16] . Knowing this association, human toxocariasis may represent a health disparity, possibly associated with the high frequency of asthma and developmental delays noted among African Americans and some Hispanic groups living in poverty [17] [18] [19] [20] . Another important association has been described between Toxocara and Toxoplasmosis; however, further research is needed to establish the impact of this association in the US population [21] .
Ocular and visceral larva migrans, although uncommon diseases, are an important cause of morbidity mainly in young children. Ocular toxocariasis incidence has previously been estimated at just one per 10,000 annually [16] ; however, the incidence of larva migrans had not yet been determined [23] . Ocular toxocariasis causes debilitating ophthalmologic disease, including blindness; it affects people 5 to 10 years old, but up to 20 % of cases occur in people over the age of 16 years. In a web-based survey conducted between September 2009 to September 2010, ophthalmologists belonging to the American Uveitis Society (AUS), the American Society of Retina Specialists (ASRS), or the American Association for Pediatric Ophthalmology and Strabismus (AAPOS) reported a total of 68 newly diagnosed ocular toxocariasis patients from 23 states, the District of Columbia, and Puerto Rico; 5 7 % of ocular toxocariasis patients lived in the South, median age was 8.5 years and 64 % owned a pet. The main symptom observed was vision loss in 83 % of the cases, 68 % of whom had permanent vision loss [24] . A previous multicenter survey performed in 1987 in Alabama estimated a statewide prevalence of one per 1,000 persons [25] .
With all these considerations in mind, it can be correctly assured that toxocariasis is an important preventable and treatable disease affecting millions of Americans and causing a great health and socioeconomic impact, so it is important to establish and carry on health policies in order to diminish the burden caused by this disease among the American population, especially those living in poverty conditions. One identified obstacle for the control and elimination of this disease is the absence of reliable population-based estimates of prevalence and disease burden data about this condition [9, 26] ; however, there are several tools for the control of this disease based on controlling Toxocara infection in dogs. This includes routine deworming, avoiding human exposure to possible source of infection by immediate disposal of pet feces, good hygiene practices, improvements in environmental sanitation, and case detection and treatment with albendazole. Implementing these tools will help prevent infection and decrease morbidity associated with Toxocara [26] .
Toxocariasis in Canada
In Canada, data about prevalence of Toxocara canis infection are limited; in 1988, in a study conducted among children aged less than 1 year to 15 years, the overall prevalence of Toxocara canis antibodies was 17.0, identifying a greater prevalence of antibody in rural areas than in urban children and showing an association between an age of greater than 6 years and dogs in the household with an increased risk of infection, but only among rural children [27] .
It is estimated that about 34.0 % of dogs are infected with Toxocara canis, having an incidence of 50 % in dogs less than 3 years old and 41.8 % in those 3 to 6 years old; only 10 % of older dogs are infected. A presence of Toxocara eggs was found in 14 public parks examined between October and November 1976; however, further research needs to be done in order to determine the actual burden of Toxocara canis infection in Canadian soil and among the population [28] .
Toxocariasis in Mexico
The absence of reliable mortality data and no national disease burden estimates in DALYs for toxocariasis in Mexico has necessitated estimates of its burden based on five crosssectional studies conducted in children of selected Mexican cities and special groups at risk [22, 29] . In 2008, the seroprevalence of Toxocara canis larva migrans in children aged 1 -12 years from the urban area of Mexicali was 10.6 %, which was similar to the previously reported prevalence of 7.5 % [30] in Mexico City children of similar ages, but lower than the prevalence reported in children from other Latin American countries. In Argentina the seroprevalence found for larva migrans due to Toxocara canis was 37.9 %, similar to the one found in Brazilian and Bolivian children of 38.8 % and 34.6 %, respectively. However, 81 % of seropositivity has been reported in the few Colombian studies that have been published [31] . This low prevalence found in Mexicali can possibly be explained by the hot and dry weather conditions that may not allow the development of the infective stage of the Toxocara canis eggs.
A more recent study conducted in Ecatepec of Morelos (a city in the metropolitan area of Mexico City) showed a prevalence of Toxocara canis in children between 2 -16 years old of 22.22 % with a greater prevalence in males than females (28.84 % and 16.07 %, respectively), that was not found by the previously available information [32] .
In humans, the seroprevalence of larva migrans due to Toxocara canis has been associated with the prevalence of Toxocara canis in dogs, geography, playing in parks and contact with objects contaminated with infected dogs feces. Preliminary studies have shown a high prevalence of Toxocara canis eggs in soil sampled from parks and playgrounds of the Mexicali area (62.5 %) as well as a high prevalence in dogs (56.1 %; 95 %CI 49.6 -62.5 %). These findings suggest a high existing risk of infection with larva migrans due to Toxocara canis within the local population of Mexicali; however, the only study conducted in this city showed a low seroprevalence compared to one that should be expected considering the high prevalence of soil contamination mentioned before [31] .
Regarding other risk factors, two previous studies, conducted in 1997 and 2008, found no statistically significant differences between gender and Toxocara canis seroprevalence, suggesting that boys and girls are at the same risk for Toxocara canis infection [30, 31] ; however, a recent study done in a district of Mexico city found that boys were more prone to be infected with Toxocara canis than girls with a seroprevalence of 28.84 % and 16.07 %, respectively, and that seroprevalence tends to be lower in the youngest children [33] .
Dog ownership is considered a risk factor for the presence of Toxocara canis seropositivity; however, only one study in Mexico found a significant association between owning dogs younger than 1 year of age and the presence of Toxocara canis seropositivity, possibly because the main mechanism of infection in dogs is transplacental and by breastfeeding, so the prevalence of infection in these dogs is higher [33] .
Malnutrition/low weight, not washing hands before meals, onicophagia and use of public parks may also be epidemiologically important for presence of Toxocara canis. The prevalence of malnutrition among children less than 5 years old has been decreasing over the years from 10.8 % in 1988 to 2.8 % in 2012, affecting just 299,600 Mexican children, so it would be expected that the contribution of this risk factor to the burden of Toxocara canis may not be significant [34, 35] .
In relation to special groups at risk of Toxocara canis infection, waste pickers were identified as a population at risk of infection with a seroprevalence of anti-Toxocara IgG antibodies significantly higher than in control subjects (13 % vs. 1 %) [36] ; also, psychiatric in-patients were found to have significantly higher seroprevalence of anti-Toxocara IgG antibodies than controls, suggesting that special attention should be paid to these groups at a higher risk (4.7 % vs. 1.1 %) [36] .
There are no studies done in rural areas of Mexico, where higher rates of infection are expected; neither has the prevalence of ocular larva migrans syndrome due to Toxocara canis been determined, so further studies need to be done to determine more precisely the burden of this disease among the Mexican population.
Costa Rica
In Costa Rica there are no studies about Toxocara canis infection in humans; however, the presence of Toxocara canis eggs in the soils and playgrounds has been widely described as it constitutes the main source of human infection and geophagia is an important epidemiological factor in visceral larva migrans. A study done in 1986 in Costa Rica evaluated the presence of Toxocara eggs in the soil of 10 parks and playgrounds and 64 particular houses finding eggs of Toxocara canis in the soil of 11 houses (17.2 %) while no eggs were found in the soil from parks and playgrounds. Even though there are no data about prevalence of Toxocara canis infection in humans, having proved the presence of contamination in soil suggests that there is a potential risk of human infection, mainly in the areas nearby the houses where contamination was found, so an important incidence of visceral larva migrans in children could be expected [37] .
Other Countries in Central America
The information about Toxocara canis prevalence in Central American countries is limited. Studies need to be done in Guatemala, Belize, Honduras, El Salvador, Nicaragua and Panama in order to determine the burden of Toxocara canis infection in these countries [29] .
Toxocariasis in Brazil
In Brazil, many studies have been done to determine the seroprevalence of toxocariasis in different population groups, consisting mainly of children, given the concern of the frequency of the infection in this age group. The different reports indicate seroprevalence rates ranging from 2.8 % to 54.8 %, identifying associated risk factors with the presence of antibodies anti-Toxocara, in which stands the classicallyknown frequent contact with contaminated soils, interaction with dogs, bad hygiene habits, and in association with the last factor, socioeconomic conditions [38] [39] [40] [41] [42] [43] [44] [45] [46] .
Thus, a study conducted in the city of Brasilia (the capital of the country) which wanted to assess the differences between toxocariasis seroprevalence among children of high and low strata, found that the prevalence of seropositivity in the last group was seven times higher than a group of upper-class children (21.8 % vs. 3 %). It was also noted that having dogs as pets represented a higher risk for lower-class children compared to those of higher class, due to a better management of pet feces, use of pesticides and the best education on hygiene habits [46] .
Toxocariasis in Argentina
In Argentina, although there are several studies on the subject, the exact prevalence of toxocariasis is unknown because it is not a notifiable disease, so it is more difficult to have the proper knowledge of the epidemiology and burden in public health that generates over the country [8, 47] .
The infection has been studied and described mostly in big cities, where it has been related to the bad habits of the population regarding the management of their pets' feces [48, 49] . In relation to the above, it is considered that the risk of infection by T. canis, is greater in the home environment, taking into account aspects such as soil, climate and health of pets [50] .
In an epidemiological study conducted in Patagonia, a seroprevalence of 31.6 % was found, and the age group between 2 and 10 years was the most affected (42.1 %) [51] . These observations correlate with the findings of Radman et al in their study of 156 patients from the city of La Plata, in which 38 of the 61 patients with positive ELISA were under 15 years [52] . However, in most studies, there has been no significant difference in age and the relationship with positive T. canis seroprevalence [7] . The same was demonstrated in a study in General Mansilla, a rural town located 96 km from Buenos Aires, where the frequency of toxocariasis was 23 % (23/100), with 17 people under 14 years and six people over this age; however, the difference was not significant [53, 54] .
Finally, regarding the symptomatology, according to Lopez Ma et al, in 122 children under 14 years with positive ELISA, 75 % were asymptomatic, and ophthalmologic symptoms were the most common (10 %) [49] .
Toxocariasis in Peru
The estimated frequency in Peru varies from 7.8 % to 32.4 % in the rural areas [55] . But, as in most of the countries in Latin America, the real frequency of Toxocara infection is unknown. However, there are several studies in different population groups that provide a guide for the actual frequency of the infection, including some unpublished studies in poor areas of the capital city, Lima.
A study in the Morrope district, Lambayeque, in a population of 182 school children, a seroprevalence of 32.4 % was shown, with no significant differences between genders. Also reported in this study, was reported a significant association between the use of public playgrounds by children and a seropositive ELISA test. Also, the presence of geophagia was statistically significant. These findings correlate with the known risk factors for Toxocara infection such as: contact with contaminated soil, low socioeconomic conditions and poor hygienic habits. In descending order, the most frequent symptoms were: respiratory signs (77.96 %), ocular signs (61.02 %), hepatic compromise (38.98 %), abdominal pain (30.51 %) and cutaneous signs (27.12 %) [2] .
In another study, the presence of Toxocara eggs in the soil of public areas in urban areas of Lima was determined. Collected samples came from ten urban parks, of which eight were contaminated with Toxocara eggs. A high frequency of contamination was found in public parks that where used by children as playgrounds. This finding correlates with that observed in other Latin American countries, where the use of contaminated soil areas by children is associated with an increased frequency of infection in this age group [1•, 56] .
Toxocariasis in Venezuela
Studies in Venezuela began very shortly after toxocariasis was described by Beaver et al in 1952 [57] , with clinical reports in 1968 by Latuff & Cardozo [58] . The first studies in the country found up to 66.6 % seroprevalence in children 2 -7 years old of Caracas [59] . In Ameridians from the Venezuelan Amazon region, a seroprevalence of 34.9 % was reported in 1988 [60] . Most studies in the country have been limited to short case series or even case reports.
Conclusion
National surveys on toxocariasis seroprevalence such as those reported in the US, should be performed in other countries across the region of the Americas, where some limited studies have demonstrated the importance of this parasitic disease, showing rates up to 65 %. Unfortunately, in many countries, toxocariasis is neglected [61• ] from a public health perspective. Furthermore, controlling the burden of disease of this complex zoonosis is complicated by the existence of wild definitive and paratenic hosts [62••] . Increasing human and dog population size, population dynamics, and climate change could be all factors that may increase the burden of this zoonosis in a near future [62••] . We thus hope that increased attention to this highly neglected disease is given to introduce interventions for controlling, and hopefully eliminating, this parasitic infection in the Americas.
